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Voice is one of the main ways of communication between animals. With the deepening of 
research and the evolution of science and technology, voice has touched to voice assessment, 
speech recognition, vocal art, artificial intelligence and many other fields, becoming a hot 
research object closely related to human life and technology development. 
The vocal fold vibration system is a damping vibration system with nonlinear restoring 
force, and the eddy current region in the vocal track plays a non-linear modulation effect on the 
sound signal. Therefore, the study of the nonlinear characteristics of voice signal and vocal cords 
has become an indispensable issue. 
This paper first introduces the structure and phonation mechanism of the vocal fold, and 
then explains the causes of the nonlinear characteristics of the phonation system. In addition, it 
shows the main research methods and its development of the nonlinear characteristics of the 
phonation system. Starting from the research method with respect to nonlinear characteristics of 
voice, the nonlinear dynamic analysis and its toolbox are optimized. Next, the nonlinear 
characteristics of the surface dehydration and rehydration of vocal fold are studied based on high 
speed imaging to elucidate the mechanism of phonation system. 
The correlation dimension and second order entropy of the nonlinear dynamics method have 
been widely used to quantitatively analyze the voice signal and have a great effect on the 
assessment of pathology. However, the large computation cost has become the short plate of the 
method in practical application. Inspired by Cao method, we study the correlation dimension and 
second order entropy at the minimum embedding dimension. The results of statistical analysis 
show that the new method could not only analyze pathologic human voices, but also contribute 
to remarkably decreased computation time, improving its potential value in clinical applications.  
In the process of calculating the correlation dimension, the scaling region is determined by 
user with the existing nonlinear dynamic analysis toolbox, which may lead to the potential error 
caused by the subjective factors. In this paper, two novel methods to automatically identify the 
scaling region of the correlation dimension are developed using variance coefficient algorithm 
and frequency statistics algorithm respectively. Three classical chaotic maps are used as samples 

















identification algorithms are very close to the reference values. 
The surface dehydration of the vocal folds is the most common vocal system problem. In 
the dehydration experiment, ten excised canine larynges with 16 cm H2O of subglottal pressure 
and another ten with 40 cm H2O of subglottal pressure were observed at three different 
dehydration levels. The results show that there is little difference between each dehydration level 
regarding the spatiotemporal vibratory patterns and the nonlinear dynamics characteristics with 
regular vocal fold vibration. However, in comparison with the low subglottal pressure, the 
spatiotemporal vibratory patterns and the nonlinear dynamic characteristics at high subglottal 
pressure is much more complicated at each dehydration level.  
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图 1-1 发声系统示意图 
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图 1-2 声带周期性振动过程 












图 1-3 声带的分层结构图 




















动包括， X 方向：水平开闭运动；Y 方向：声带从前到后的传播运动；Z 方向：




       
(a) 声带结构正视图     (b) 声带结构俯视图 
图 1-4 声带的三维结构图 
Fig. 1-4 Three-dimensional structure of vocal fold 
 
1.1.2 嗓音生成的非线性特性 
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